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(57)Abstract: 

PROBLEM TO BE SOLVED: To control the internal structure of a rare-earth- 
containing alloy obtained by a rotating roll method, particularly the state of 
distribution of R-enriched phases. 

SOLUTION: Melt of the molten rare-earth-containing alloy is allowed to flow onto 
a rotating roll to undergo solidification into a ribbon. The ribbon is ground into 
flakes, and the resultant alloy flakes are subjected to the control of cooling rate 
by a cooling medium in a storage vessel in a chamber identical with the chamber 
for the rotating roll. The alloy after the control of its structure is pulverized, and 
the resultant alloy powder is compacted and sintered into a magnet. 
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CLAIMS 
[Claim(s)] 

[Claim 1] Dissolve a rare-earth-elements content alloy in a vacuum or inert gas, 
and the dissolved molten metal in the interior of a room in a vacuum or an inert 
gas ambient atmosphere The organization control approach of the rare-earth- 
elements content alloy characterized by crushing this coagulation thin band in the 
shape of a piece a sink and immediately after cooling and making thin band-like 
one solidify on the cooled roll kneader, storing this piece of a crushing alloy in the 
stowage container put on said interior of a room, and controlling the cooling rate 
of said piece of a crushing alloy by the cooling medium. 
[Claim 2] The organization control approach of the rare-earth-elements content 
alloy according to claim 1 which is that by which a stowage container forms the 
diaphragm for cooling in the interior, circulates a gas or a liquid as a cooling 
medium in it, and can control the cooling rate of the piece of a crushing alloy. 
[Claim 3] The organization control approach of the rare-earth-elements content 
alloy according to claim 1 which is that by which a stowage container circulates 



inert gas as a cooling medium inside, and can control the cooling rate of the 
piece of a crushing alloy. 

[Claim 4] The organization control approach of the rare-earth-elements content 
alloy according to claim 3 made to flow out of the diaphragm for cooling which 
has the bleeder which formed inert gas in the stowage container. 
[Claim 5] The organization control approach of a rare-earth-elements content 
alloy given in any 1 term of claims 1-4 which are those by which a stowage 
container forms a partition diaphragm in the interior, and can control the cooling 
rate of the piece of a crushing alloy. 

[Claim 6] The organization control approach of a rare-earth-elements content 
alloy given in any 1 term of claims 1-5 which move the piece of a crushing alloy 
to another room from the interior of a room further, and have the process to cool 
after controlling the cooling rate of the piece of a crushing alloy. 
[Claim 7] The organization control approach of a rare-earth-elements content 
alloy given in any 1 term of claims 1-6 a sink and whose approaches which cool 
and it makes thin band-like one solidify are the strip casting methods on a roll 
kneader about a rare-earth-elements content alloy molten metal. 
[Claim 8] The organization control approach of a rare-earth-elements content 
alloy given in any 1 term of claims 1-7 which control the cooling rate of the piece 
of a crushing alloy, and set average spacing of R rich phase of a rare-earth- 
elements content alloy to 3-15 micrometers. 

[Claim 9] The organization control approach of a rare-earth-elements content 
alloy given in any 1 term of claims 1-8 whose average cooling rates for 800-600 
degrees C of the piece of a crushing alloy are a part for 10-300-degree-C/. 
[Claim 10] a rare-earth-elements content alloy ~ a R-T-B system alloy (rare earth 
elements in which R contains Y among a formula (Y --)) at least one sort in La, 
Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu and T may use Fe as a 
principal component, and may permute a part with Co, nickel, etc. - it is - the 
organization control approach of a rare-earth-elements content alloy given in any 
1 term of claims 1-9. 



[Claim 11] Rare-earth-elements content alloy powder with which the thickness 
obtained by the approach given in any 1 term of claims 1-10 ground the piece of 
a crushing alloy whose average spacing of R rich phase is 3-15 micrometers by 
0.1-0.6mm. 

[Claim 1 2] The magnet which fabricated the alloy powder of claim 1 1 and was 
sintered. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of controlling the 
internal organization of a rare-earth-elements content alloy, especially the rare- 
earth-elements content alloy for magnets, this alloy powder obtained by the 
approach, and the magnet using the alloy powder. 
[0002] 

[Description of the Prior Art] In recent years, as an alloy for magnets, the Nd-Fe- 
B system alloy is lengthening the volume rapidly from the high property, and is 
used for the object for HD (hard disk), the object for MRI (magnetic resonance 



imaging), or various motors. Usually, the thing (it is written as R.) which permuted 
a part of Nd by other rare earth elements, such as Pr and Dy, and the thing (it is 
written as T.) which permuted a part of Fe with other transition elements, such as 
Co and nickel, are common, and is named generically the R-T-B system alloy 
including the Nd-Fe-B system alloy. 

[0003] The crystal of ferromagnetic phase R2T14B contributed to a 
magnetization operation was made into the main phase, generally it dissolved in 
a vacuum or inert gas from it being the alloy which has R rich phase of the low- 
melt point point which rare earth elements condensed by nonmagnetic in the 
grain boundary, and being an activity metal, and the R-T-B system alloy has 
been cast by metal mold. As for this alloy ingot, it is common for press forming to 
be carried out all over a magnetic field, and to be sintered at an about 1000- 
1 100-degree C elevated temperature with a sintering furnace, after being ground 
and considering as the powder of 3-micrometer (FSSS: measurement by Fischer 
subsieve sizer) extent, and to accept the need after that, and for it to be heat- 
treated and machined, to plate for anticorrosion, and to be magnet-ized. 
[0004] R rich phase in an alloy is bearing the important role in respect of the 
following. 

1) The melting point is low, serves as the liquid phase at the time of sintering, 
and contributes to improvement in magnetic densification, therefore 
magnetization. 

2) Lose the irregularity of a grain boundary, decrease the new chestnut ESHON 
site of a reverse magnetic domain, and heighten coercive force. 

3) Since the main phase is insulated magnetically, heighten coercive force. 
Therefore, since the property as a magnet and corrosion resistance will be 
influenced if the distributed condition of R rich phase is bad, a uniform thing 
becomes important. Distribution of R rich phase as a final magnet is greatly 
influenced in the organization of the alloy lump for raw materials, that is, when 
cast in metal mold, since the cooling rate is slow, it is alike occasionally, it carries 
out and crystal grain becomes large. Consequently, the grain when grinding 



becomes fine far from the diameter of crystal grain. R rich phase is the shape of 
lamellae with large thickness, and, for this reason, its dispersibility is bad. 
Therefore, if the grain when grinding is finer than the diameter of crystal grain, 
the grain of only the main phase and the grain of only R rich phase which do not 
contain R rich phase will exist separately, and it will be hard coming to carry out 
uniform mixing. 

[0005] Since one problem that I accept it by metal mold casting has the slow 
cooling rate, it is becoming easy to generate gamma-Fe as a primary phase. 
Gamma-Fe metamorphoses into alpha-Fe below about 910 degrees C. This 
alpha-Fe that metamorphosed brings about aggravation of the efficiency of 
comminution at the time of magnet manufacture, and if after sintering remains, it 
will bring about the fall of magnetic properties. Then, in the case of the ingot cast 
in metal mold, elimination of alpha-Fe by the homogenization covering long 
duration is needed at an elevated temperature. 

[0006] In order to solve these, as an approach of casting in a cooling rate quicker 
than the metal-mold-casting approach, the strip casting method (the SC method) 
is introduced and it is used at the actual process. Carry out the rapid solidification 
of this, it makes the crystalline structure make it detailed, and makes the alloy 
which has the organization which R rich phase distributed minutely generate by 
casting a molten metal on a several mm thin band a sink and below decimal point 
on the copper roll with which water cooling of the interior was carried out. Since 
R rich phase in an alloy is distributing minutely, the dispersibility of R rich phase 
after grinding and sintering also became good, and it has succeeded in the 
improvement in magnetic properties (JP,5-222488,A, JP,5-295490,A). Moreover, 
it has been hard coming to also generate alpha-Fe. 

[0007] Furthermore, usually with the alloy using such an SC method, a hydrogen 
crack is performed as the crack approach. Especially this approach serves as the 
important point, when how R rich phase carries out occlusion of the hydrogen, 
and it is a thing using the property to divide and collapse from R rich phase by 
the cubical expansion accompanying it, and is used for the crack before 



pulverizing, therefore spacing of R rich phase is controlled determines grinding 
grain size. 

[0008] Thus, in order to control distribution (spacing) of R rich phase which has 
effect important for a magnet property, the cooling rate at the time of casting is 
important, and the temperature control near the coagulation of R rich phase is 
especially important. In JP,8-176755,A, R rich phase (in the official report, it is 
called the eutectic field.) exists not only a grain boundary but in the main phase 
(R2T14 B phase). Control of this spacing at a magnet property overlay important 
point In order to attain this, it is indicated that it is desirable to cool a temperature 
region (800-600 degrees C) until the part of R Rich who exists as the liquid 
phase to the last solidifies with the cooling rate of 5 degrees C/second or more. 
In JP,10-36949,A, carrying out [ second ] the average cooling rate for 800-600 
degrees C in 1.0 degrees C /or less, extending spacing of R rich phase and 
making it 3-15 micrometers is indicated. 
[0009] 

[Problem(s) to be Solved by the Invention] As mentioned above, it is a magnet 
property overlay important point to control distribution of an alloy lump's R rich 
phase, for this reason it is required to control the cooling rate of the temperature 
field from the liquid phase of R rich phase to coagulation. However, in the SC 
method described previously, although still perfect coagulation is not completed 
after this temperature field's starting in the neighborhood which falls apart from a 
roll and falling from a roll, the present condition is that the clear approach is not 
indicated about the temperature control approach. Although how to carry out 
adjustment had only extent which adjusts the amount of metal which changes the 
peripheral velocity of a roll or is passed, and changes thickness in order to have 
controlled the cooling rate on a roll, there are difficult various problems in this. 
That is, after the main phase solidifies, contact on a roll changes to point contact 
from field contact, and a cooling rate becomes slow quickly. When it is stabilized 
and obtains the alloy lump of a good organization without alphaFe, the time 
amount by which the alloy lump which the molten metal and the main phase 



solidified is on the roll is several seconds at most, and cannot control a 
temperature field until R rich phase solidifies on a roll. If time amount by which 
roll peripheral velocity was made late and the alloy lump is on the roll is 
lengthened, an alloy lump's thickness will become thick and alphaFe will 
generate. Moreover, if the amount of molten metals which makes a crucible tilt 
rate late and is supplied to a roll is lessened, before reaching a roll, the 
temperature of a molten metal will fall and it will become easy to generate 
gammaFe of a primary phase. If supply of a molten metal is furthermore 
extracted, it will solidify, before reaching on a roll. Thus, there was such no 
effective means that the cooling rate control near the coagulation temperature of 
R rich phase on a roll changes the cast structure in the SC method. Moreover, 
about the concrete means for controlling an alloy organization also about Ushiro 
to whom the cast alloy fell from the roll, it is hardly indicated conventionally. This 
invention aims at the internal organization of an alloy, and controlling the 
distribution condition of R rich phase especially by controlling the cooling rate of 
the piece of an alloy after separating and falling from the roll mainly in the roll 
kneader method from the former. 
[0010] 

[Means for Solving the Problem] This invention was made in order to attain the 
above-mentioned purpose, and it consists of the following configurations. 
Dissolve a rare-earth-elements content alloy in a vacuum or inert gas, and the 
dissolved molten metal (1) In the interior of a room in a vacuum or an inert gas 
ambient atmosphere The organization control approach of the rare-earth- 
elements content alloy characterized by crushing this coagulation thin band in the 
shape of a piece a sink and immediately after cooling and making thin band-like 
one solidify on the cooled roll kneader, storing this piece of a crushing alloy in the 
stowage container put on said interior of a room, and controlling the cooling rate 
of said piece of a crushing alloy by the cooling medium. 
(2) The organization control approach of a rare-earth-elements content alloy 
given in (1) which is that by which a stowage container forms the diaphragm for 



cooling in the interior, circulates a gas or a liquid as a cooling medium in it, and 
can control the cooling rate of the piece of a crushing alloy. 

(3) The organization control approach of a rare-earth-elements content alloy 
given in (1) which is that by which a stowage container circulates inert gas as a 
cooling medium inside, and can control the cooling rate of the piece of a crushing 
alloy. 

(4) The organization control approach of a rare-earth-elements content alloy 
given in (3) made to flow out of the diaphragm for cooling which has the bleeder 
which formed inert gas in the stowage container. 

(5) The organization control approach of a rare-earth-elements content alloy 
given in either of (1 ) - (4) which is that by which a stowage container forms a 
partition diaphragm in the interior, and can control the cooling rate of the piece of 
a crushing alloy. 

(6) The organization control approach of a rare-earth-elements content alloy 
given in either of claim (1 ) - (5) which moves the piece of a crushing alloy to 
another room from the interior of a room further, and has the process to cool after 
controlling the cooling rate of the piece of a crushing alloy. 

(7) The organization control approach of a rare-earth-elements content alloy 
given in either of (1) - (6) a sink and whose approaches which cool and it makes 
thin band-like one solidify are the strip casting methods on a roll kneader about a 
rare-earth-elements content alloy molten metal. 

(8) The organization control approach of a rare-earth-elements content alloy 
given in either of (1 ) - (7) which controls the cooling rate of the piece of a 
crushing alloy, and sets average spacing of R rich phase of a rare-earth- 
elements content alloy to 3-15 micrometers. 

(9) crushing - an alloy - a piece - 800 - 600 - degree C - between - an 
average - a cooling rate - ten - 300 - degree C - /-- a part - it is - (- one --) - 
(- eight -) - either - a publication -- rare earth elements - content - an alloy - 
an organization - control - an approach . 

(10) a rare-earth-elements content alloy - a R-T-B system alloy (rare earth 



elements in which R contains Y among a formula (Y --)) at least one sort in La, 
Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu and T may use Fe as a 
principal component, and may permute a part with Co, nickel, etc. - it is - the 
organization control approach of a rare-earth-elements content alloy given in 
either of(1)-(9). 

(11) The above (1) Rare-earth-elements content alloy powder with which the 
thickness obtained by the approach of a publication by either of - (10) ground the 
piece of a crushing alloy whose average spacing of R rich phase is 3-15 
micrometers by 0.1 -0.6mm. 

(12) The magnet which fabricated the alloy powder of the above (11) and was 
sintered. 

[0011] 

[Embodiment of the Invention] As for a rare-earth-elements content alloy, it is 
general to be dissolved and cast from the activity property all over the dissolution 
room which intercepted atmospheric air. The dissolution interior of a room is inert 
gas ambient atmospheres, such as a vacuum or an argon, and helium. Drawing 
1 is the schematic diagram showing the casting approach in the SC method 
applied to this invention. Within the crucible 2 placed into the dissolution room 1, 
a raw material metal etc. is dissolved by induced current heating, and it becomes 
an alloy and is held. Next, the molten metal is installed in the casting room 10 of 
the vacuum which adjoined by the tilt of crucible 2, is passed through ** 4 and 
tundish 5 on the roll kneader 3 by which water cooling was carried out in the 
interior, and starts cooling coagulation on a roll 3. 

[0012] A coagulation alloy separates from a roll 3 in the middle of a roll kneader. 
Before a coagulation alloy coils around a roll 3, it is made to fall using a suitable 
guide. In the condition of having come out of the roll, an alloy collapses easily at 
an elevated temperature by using the crushing means of easy guide roll 6 grade, 
since it is weak, or hitting against a baffle etc. in simple, is crushed in the shape 
of a piece, and falls. Moreover, you may make it crush with the impact when 
falling in a stowage container 8. 



[0013] As it is several seconds at most and being stated previously, a 
coagulation alloy is still in a red-heat condition in this phase, and R rich phase 
which is a low freezing point most has not completed coagulation completely, 
after a molten metal contacts a roll until it leaves a roll and is crushed. Usually, 
this crushed piece 7 of an alloy is dropped in the stowage container 8 of the core 
box which adjoined the roll and was placed, and can be stored. At the elevated 
temperature, in order that oxidation might progress, the alloy was left in the 
inside of the same casting room 10 as casting equipment, and had usually 
cooled this stowage container to the temperature to which an alloy does not 
oxidize. Moreover, in JP,9-155507,A, the stowage container into which the piece 
of a fragment alloy was put was moved to adjoining another room, and it had 
cooled there using inert gas etc. However, this cooling is not a thing aiming at 
control of the organization of an alloy. 

[0014] It is the approach of putting the stowage container of the piece of a 
crushing alloy after casting in this invention in order to control R rich phase of the 
organization of a freezing point, especially a low-melt point point in the first place 
(henceforth the piece of an alloy) on the casting interior of a room, and controlling 
the cooling temperature of the piece of an alloy there with a cooling medium. 
Since cooling becomes homogeneity and there is no temperature fall to control 
initiation of a cooling rate compared with the approach of moving a stowage 
container to another room and cooling after casting termination like a publication 
in said patent official report, since it can cool to coincidence, dropping the piece 
of an alloy to a stowage container by this approach, a control temperature 
requirement can be made large. Control of the cooling rate for 800-600 degrees 
C which influences an alloy organization especially by this approach becomes 
easy. Its cooling as rapid with an inert atmosphere etc. to the temperature which 
taking out the piece of an alloy early if possible can take out to the atmospheric 
air which is about 100-200 degrees C to which oxidation does not progress since 
it is required on a process as possible is desirable while the cooling rate after R 
rich phase solidified to the second completely and the internal organization 



solidified in it does not influence an internal organization. 
[0015] Since the two above-mentioned points are attained, as shown in drawing 
2 , the stainless steel net producing 233 is formed in the stowage container lower 
part, it considers as the container which can pass inactive coolant gas 23, such 
as helium, from there, and from immediately after fall receipt of the piece of an 
alloy, gas can be flowed and the cooling rate of the piece of an alloy can be 
changed by changing the capacity. If R rich phase coagulation temperature for 
800-600 degrees C described previously is exceeded, the temperature which can 
be taken out to the following atmospheric air can cool by the maximum quantity 
of gas flow. 

[0016] In the above-mentioned example, the piece of an alloy accumulates 
greatly, since it is cooling by gaseous-phase contact of the gas passed between 
the deposit, when a container is large, a deposit may lap and a limitation may be 
in a cooling rate. Or it becomes easy to come out of dispersion in cooling within a 
container. In such a case, the cooling rate of the piece of an alloy can be sped up 
by carrying out [ the inside of a stowage container ] contact cooling with a sink 
diaphragm and the piece of an alloy for a cooling medium 22 to the interior of a 
break and a diaphragm with the hollow diaphragm 21 1 , as shown in drawing 3 . 
Since a cooling medium and the piece of an alloy do not contact, as for this 
approach, they can also use liquids, such as gas, such as air, or water, outside 
inert gas as a cooling medium. It can also carry out by carrying out still like 
drawing 4 as the cooling approach. Drawing 4 is the approach of cooling the 
piece of a sink alloy for the inert gas 23 for cooling in a container in part from 
bleeder 21 2A of the lower part of the diaphragm 212 for cooling. As for Ushiro's 
cooling in which the internal organization of an alloy solidified, doing so is 
desirable, when to cool as quickly as possible is more efficient and it casts 
continuously especially. Although forced cooling may be made it in the casting 
interior of a room as described above, a stowage container can be moved to 
another room and it can also cool quickly there. 

[0017] When moving a stowage container to another room, the container upper 



part can be covered, it can take out from a casting room, and delivery re-degree 
cooling can be performed to the inert gas room of another room. What is 
necessary is just to continue pouring the container at this time to extent to which 
you may not be a perfect well-closed container and inert gas overflows from a 
container only at the time of migration. Or as long as migration time amount is 
short, after gas is full, gas supply may be stopped where the upper part of a 
container is covered. In this case, if the hose for gas supply etc. is separated 
from a container and a plug is made that connection, even if it does not seal a 
container and a lid completely, since it is heavier than atmospheric air, inert gas, 
such as an argon, will not leak and come out of a container. In addition, bleeder 
21 3A can be prepared in the side face of the diaphragm 213 in the air as shown 
in drawing 5 as an approach into which inert gas is made to flow, and gas can 
also be made to flow out of there. 

[0018] Drawing 5 and drawing 6 are what put in the diaphragm 24 for dividing the 
inside of a stowage container in the middle of a container, and since the piece of 
an alloy is subdivided, cooling tends to progress. If this partition diaphragm does 
not exist, the piece of an alloy is unevenly distributed within a container, it 
becomes massive, and cooling may be checked. From the stainless steel net 
producing 233 of bleeder 21 3A of the diaphragm 213 for cooling, or a container 
bottom, cooling makes inert gas flow out in a container, and performs it. An 
approach as shown in drawing 3 and drawing 4 as the cooling approach may be 
used. The ejection of the stowage container after cooling termination can prepare 
the door which can be opened and closed on the side face of for example, a 
casting room, and can perform it. 

[0019] By the approach of controlling two steps of above cooling rates within a 
container, distribution of R rich phase is especially controllable by the 
temperature control in the first pyrosphere. Moreover, irrespective of the cooling 
rate in the first temperature region, since the second temperature region which 
does not have effect in an internal organization can be cooled quickly, a process 
is advanced smoothly. 



[0020] The temperature of the piece of an alloy when separating from a roll and 
falling into a stowage container by this approach, when the piece of an alloy of 
about 0.1 -0.6mm thickness was cast in the SC method becomes about 800 
degrees C. Spacing of R rich phase becomes large about the cooling approach 
within the above-mentioned container from there by making late the cooling rate 
in the first temperature region by various ****, and spacing of R rich phase can be 
narrowed by things to gather a cooling rate. Approaches, such as passing a 
molten metal, can be used between the rotating rolls not only using the SC 
method as shown in drawing 1 as casting in this invention but using a 
congruence roll, the approach of this invention -- a R-T-B system alloy (rare earth 
elements in which R contains Y among a formula (Y --)) etc. La, Ce, Pr, Nd, Sm, 
Eu, Gd, Tb, Dy, Ho, Er, Even if at least one sort in Tm, Yb, and Lu and T use Fe 
as a principal component and permute the one section with Co, nickel, etc., they 
can control spacing of R rich phase of a good rare-earth-elements content alloy 
to about 3-15 micrometers. As for the average cooling rate for 800-600 degrees 
C, the amount of 10-300-degree-C/is suitable for making spacing of R rich phase 
into this range, and it is a part for 10-50-degree-C/still more preferably by 10-200- 
degree-C/preferably. 

[0021] After spacing of R rich phase grinds the cross section of the thickness 
direction of the piece of an alloy with emery paper, it is called for here by 
observation according the field which carried out buffing using the alumina, the 
diamond, etc. to the reflection electron image of a scanning electron microscope 
(SEM). Since R rich phase has the average atomic number larger than the 
R2Fe14 B phase used as the main phase, it is observed by the reflection 
electron image more brightly than the main phase. And spacing of R rich phase 
is performed as follows by cross-section observation of the thickness direction. A 
segment is lengthened to parallel (direction parallel to the shaft of a roll) in the 
center of a thickness side in a roll side, and the die length of a segment is divided 
by the number of R rich phases which the segment crossed. Let this be spacing 
of R rich phase with the average value at the time of 5 visual-field **********. 



[0022] 3-15 micrometers of 3-12 micrometers of spacing of R rich phase can be 
preferably set to 4-10 micrometers still more preferably by the approach of this 
invention. If spacing of R rich phase exceeds 15 micrometers, the distributed 
condition of R rich phase worsens, and when it pulverizes in powder particle size 
of 3-5 micrometers for magnetic field shaping, the rate of a powder particle that R 
rich phase exists will decrease. Therefore, the distributed condition of R rich 
phase after magnetic field shaping also gets worse, the fall of a degree of 
sintering is caused, and the magnetization after magnet-izing and the fall of 
coercive force are brought about. Moreover, the maldistribution of R rich phase 
brings about the fall of partial holding power, and brings about the fall of the 
square shape nature after magnet-izing. The evil to which the magnetic 
properties of crystal grain depended for making it detailed too much, on the other 
hand, worsen that it is less than 3 micrometers comes out. 
[0023] Next, the anisotropic magnet of a high property can be manufactured by 
grinding, fabricating and sintering the above-mentioned piece of an alloy. 
[0024] Grinding is performed in order of a hydrogen crack, inside grinding, and 
pulverizing, and, generally is usually used as the powder of 3-5-micrometer 
(FSSS) extent. 

[0025] Here, a hydrogen crack is divided into the dehydrogenation process of the 
hydrogen absorption process of a last process, and a back process. At a 
hydrogen absorption process, breaking the piece of an alloy itself by the 
hydrogen gas ambient atmosphere with a pressure of 2.7x1 04Pa - 4.9x1 06Pa 
minutely using mainly carrying out occlusion of the hydrogen to R rich phase of 
the piece of an alloy, and R rich phase carrying out cubical expansion by R- 
hydride generated at this time or a countless detailed crack is produced. In the 
case of the piece of an alloy of this invention, a crack can be produced along with 
almost all R rich phase. R rich phase exists in the main phase grain boundary, 
and almost all grain boundaries can be made to produce a crack by carrying out 
occlusion of the hydrogen especially. Therefore, most powder manufactured 
through inside grinding and pulverizing can serve as a single crystal, and it can 



raise magnetic properties. Although this hydrogen absorption is carried out in 
about ordinary temperature -600 degree C, in order to enlarge cubical expansion 
of R rich phase and to break it efficiently, it is desirable to carry out in about 
ordinary temperature -100 degree C. The desirable processing time is 1 hours or 
more. In atmospheric air, in order that R-hydride generated according to this 
hydrogen absorption process may be unstable and may tend to oxidize, it is 
desirable to perform dehydrogenation treatment held in a vacuum 130Pa or less 
at about 200-600 degrees C. It can be made to change with these processings to 
stable R-hydride in atmospheric air. The desirable processing time is 30 minutes 
or more. Dehydrogenation treatment can also be excluded when the ambient 
atmosphere management for antioxidizing is made at each process from after 
hydrogen absorption to sintering. In addition, it can also grind and pulverize 
inside, without carrying out this hydrogen crack. 

[0026] Inside grinding is grinding the piece of an alloy to 500 micrometers or less 
in inert gas ambient atmospheres, such as argon gas and nitrogen gas. There is 
for example, a BURAUMMIRU grinder among the grinders for this. In the case of 
the piece of an alloy in which this invention carried out the hydrogen crack, since 
it is divided minutely or the countless detailed crack is already generated inside, 
grinding into this is also omissible. 

[0027] Pulverizing is grinding to 3-5-micrometer (FSSS) extent. There is for 
example, jet mill equipment in a grinder for this. In this case, the ambient 
atmosphere at the time of grinding is made into inert gas ambient atmospheres, 
such as argon gas and nitrogen gas. The oxygen below 1 mass % may be made 
to mix preferably below 2 mass % into these inert gas. While the efficiency of 
comminution improves by this, the oxygen density of the powder after grinding is 
set to 1000-10000 ppm, and oxidation resistance improves. Moreover, the 
abnormality grain growth at the time of sintering can also be controlled. 
[0028] Although shaping is performed all over a magnetic field, in order to reduce 
friction with powder and a metal mold wall at the time of magnetic field shaping, 
and to also reduce friction of powder entirety and to raise a stacking tendency, it 



is desirable to add lubricant, such as zinc stearate, to powder. A desirable 
addition is 0.01 to 1 mass %. Although before pulverizing or Ushiro is sufficient 
as addition, it is desirable to use a V type blender etc. and to fully mix in inert gas 
ambient atmospheres, such as argon gas and nitrogen gas, before shaping 
among a magnetic field. 

[0029] Press forming of the pulverized powder is carried out with the making 
machine in a magnetic field. Metal mold is produced in consideration of the 
direction of a field in a cavity combining magnetic material and nonmagnetic 
material. 0.5 - 2 t/cm2 of compacting pressure is desirable. The field in the cavity 
at the time of shaping has desirable 5-20kOe. Moreover, although the ambient 
atmosphere at the time of shaping has desirable inert gas ambient atmospheres, 
such as argon gas and nitrogen gas, in the case of the above-mentioned powder 
which carried out anti-oxidation processing, it is possible also in atmospheric air. 
[0030] Sintering is performed at 1000-1100 degrees C. Before sintering, it is 
necessary to remove lubricant and hydrogen from a Plastic solid completely. The 
desirable removal conditions of lubricant are holding a Plastic solid 30 minutes or 
more at 300-500 degrees C among a vacuum 1.3Pa or less or an argon reduced 
pressure flow ambient atmosphere. Moreover, the desirable removal conditions 
of hydrogen are holding 30 minutes or more at 700-900 degrees C among a 
vacuum 1 .3Pa or less. The ambient atmosphere at the time of sintering has an 
argon gas ambient atmosphere or a desirable vacuum ambient atmosphere 
1 .3Pa or less. 1 hours or more of the holding time are desirable. 
[0031] It can heat-treat at 500-650 degrees C after sintering if needed for the 
improvement in coercive force. A desirable ambient atmosphere is an argon gas 
ambient atmosphere or a vacuum ambient atmosphere. The desirable holding 
time is 30 minutes or more. 
[0032] 

[Example] Hereafter, the control result of an organization (R rich phase) is shown, 
explaining an example. 

(Example 1) So that an alloy presentation may become Nd:30.0 mass %, B:1.00 



mass %, Co:2.0 mass %, aluminum:0.30 mass %, Cu:0.10 mass %, and 
remainder iron Metal neodium, ferroboron, cobalt, aluminum, copper, and iron 
are blended, and alumina crucible is used. In an argon gas 1 atmospheric- 
pressure ambient atmosphere It dissolved with the RF fusion furnace (crucible), 
and the molten metal was passed through tundish on the copper roll with a 
diameter of 40cm which is rotating with the peripheral velocity of 0.97m/second. 
The total mass of a molten metal is 15kg, and molten metal temperature at the 
time of casting initiation was made into 1450 degrees C. Moreover, while casting, 
water cooling of the interior of a copper roll was carried out. 
[0033] The alloy solidified on the copper roll was crushed with the guide roll 
installed in the location which breaks away and falls from the copper roll, and 
was saved to the stowage container of a core box installed in the bottom of it. A 
stowage container is 40cm in 31cm long, 21cm wide, and height in outside **, 
and was produced by the griddle with a thickness of 5mm. Furthermore, the 
piece of an alloy which placed the network made from stainless steel of 5mm of 
scale spacings in the location with a height of 1cm, and was crushed from the 
bottom plate in the bottom of a stowage container was stored on this network like 
drawing 2 . In addition, even Ushiro continued passing argon gas by part for flow 
rate/of 30I. toward the upper part for casting termination 10 minutes from just 
before casting initiation from under this stainless steel net producing. 
[0034] It thought, the small hole was made in the side face of a stowage 
container, and the temperature at the time of fall of an alloy was searched for by 
measuring with the almost same thermocouple as the temperature of the piece of 
an alloy stored in the stowage container installed so that it might project inside a 
stowage container from this hole. The temperature at the time of fall of the piece 
of an alloy for which it asked by this approach was 780 degrees C. The time 
amount concerning cooling slowly after that and cooling the piece of an alloy to 
600 degrees C was 5 minutes. After [ of casting termination ] 10 minutes, the flow 
rate of the argon gas passed toward the upper part from under stainless steel net 
producing was increased to a part for 1001./, and the piece of an alloy was cooled. 



The temperature of 2-hour Ushiro's piece of an alloy was 98 degrees C. Then, 
the piece of an alloy was taken out in atmospheric air, and measurement of the 
average thickness by the micrometer and spacing of R rich phase using the 
cross-section photograph by the reflection electron image of SEM were 
measured. A measurement result is described in Table 1. 
[0035] (Example 2) The raw material metal etc. was blended so that it might 
become the same presentation as an example 1, and the piece of an alloy was 
produced using the equipment of an example 1. The stowage container used 
what is shown in drawing 2 . However, passing just before casting initiation to 
gaseous helium from a stowage container pars basilaris ossis occipitalis was 
continued by part for flow rate/of 1001. The temperature at the time of fall of the 
piece of an alloy was 750 degrees C, and the time amount concerning cooling to 
600 degrees C was 40 seconds. When after casting termination continued 
passing gaseous helium as it was and cooled the piece of an alloy, after [ of 
casting termination ] 30 minutes, the temperature of the piece of an alloy fell to 
96 degrees C. Then, the piece of an alloy was taken out in atmospheric air, and 
measurement of the average thickness by the micrometer and spacing of R rich 
phase using the cross-section photograph by the reflection electron image of 
SEM were measured. A measurement result is described in Table 1 . 
[0036] (Example 3) The raw material metal etc. was blended so that it might 
become the same presentation as an example 1, and it dissolved on the same 
conditions as an example 1 , and the molten metal was cast on the same copper 
roll as an example 1. The alloy solidified on the copper roll was crushed with the 
same guide roll as an example 1 , and was saved to the stowage container of a 
core box installed in the bottom of it. A stowage container is 40cm in 31cm long, 
21cm wide, and height in outside **, and was produced by the griddle with a 
thickness of 5mm. Furthermore, two iron diaphragms 21 1 with a thickness of 7cm 
were installed in the interior of a stowage container at equal intervals along the 
perpendicular direction like drawing 3 at the revolving shaft of a copper roll. In 
addition, the gas passed inside each diaphragm was made into the structure 



which is not into a stowage container leakage appearance. Inside each 
diaphragm, passing argon gas from just before casting was continued by part for 
flow rate/of 1001. 

[0037] The temperature at the time of fall of the alloy for which it asked by the 
same approach as an example 1 was 790 degrees C. The time amount 
concerning cooling slowly after that and cooling the piece of an alloy to 600 
degrees C was 7 minutes. When after casting termination continued passing 
argon gas as it was and cooled the piece of an alloy, the temperature of casting 
termination to Ushiro's piece of an alloy fell to 106 degrees C for 2 hours. Then, 
the piece of an alloy was taken out in atmospheric air, and measurement of the 
average thickness by the micrometer and spacing of R rich phase using the 
cross-section photograph by the reflection electron image of SEM were 
measured. A measurement result is described in Table 1. 
[0038] (Example 4) The raw material metal etc. was blended so that it might 
become the same presentation as an example 1, and the piece of an alloy was 
produced using the equipment of an example 3. A stowage container is shown in 
drawing 3 and continued pouring water by part for flow rate/of 30I. from just 
before casting inside each diaphragm. The temperature at the time of fall of the 
alloy for which it asked by the same approach as an example 1 was 790 degrees 
C. The time amount concerning cooling slowly after that and cooling the piece of 
an alloy to 600 degrees C was 6 minutes. When after casting termination 
continued pouring water as it was and cooled the piece of an alloy, the 
temperature of casting termination to Ushiro's piece of an alloy fell to 98 degrees 
C for 2 hours. Then, the piece of an alloy was taken out in atmospheric air, and 
measurement of the average thickness by the micrometer and spacing of R rich 
phase using the cross-section photograph by the reflection electron image of 
SEM were measured. A measurement result is described in Table 1 . 
[0039] (Example 5) The raw material metal etc. was blended so that it might 
become the same presentation as an example 1, and it dissolved on the same 
conditions as an example 1, and the molten metal was cast on the copper roll of 



an example 1. The alloy solidified on the copper roll was crushed with the guide 
roll of an example 1 , and was saved to the stowage container of a core box 
installed in the bottom of it. A stowage container is 40cm in 31cm long, 21cm 
wide, and height in outside **, and was produced by the griddle with a thickness 
of 5mm. Furthermore, two iron diaphragms 212 of the structure where gas flows 
into the interior of a stowage container out of the lower part toward the interior of 
a container by 7cm in thickness were installed in the revolving shaft of a copper 
roll at equal intervals along the perpendicular direction like drawing 4 . Inside 
each diaphragm, passing argon gas from just before casting was continued by 
part for flow rate/of 30I. from bleeder 21 2A. 

[0040] The temperature at the time of fall of the alloy for which it asked by the 
same approach as an example 1 was 780 degrees C. The time amount 
concerning cooling slowly after that and cooling the piece of an alloy to 600 
degrees C was 5 minutes. After increasing the flow rate of the argon gas passed 
to each diaphragm to a part for 1 0Ol./after [ of casting termination ] 1 0 minutes 
and covering the stowage container upper part, it took out from vacuum devices 
in atmospheric air, and moved to the another room by which argon inert gas 
replacement is carried out immediately. Even after moving a stowage container 
to another room to serve also as both cooling lowering the indoor oxygen density 
which increased with this actuation, and the piece of an alloy, to each diaphragm, 
passing the argon gas for flow rate/of 1001. was continued. The temperature of 
the piece of an alloy of 2-hour Ushiro of casting termination was 94 degrees C. 
Then, the piece of an alloy was taken out in atmospheric air, and measurement 
of the average thickness by the micrometer and spacing of R rich phase using 
the cross-section photograph by the reflection electron image of SEM were 
measured. A measurement result is described in Table 1. In addition, when the 
oxygen density of this piece of an alloy was measured, it was 140 ppm, and it 
was equivalent to 130 ppm of oxygen densities of the piece of an alloy in the 
case of an example 1 . From this, oxidation of the piece of an alloy by having 
moved the stowage container was not accepted. 



[0041] (Example 6) Metal neodium, metal DISU pro SIMM, ferroboron, cobalt, 
aluminum, copper, and iron were blended, alumina crucible was used, and it 
dissolved with the RF fusion furnace in the argon gas 1 atmospheric-pressure 
ambient atmosphere so that an alloy presentation might become Nd:29.0 
mass %, Dy:3.5 mass %, B:1.05 mass %, Co: 1.0 mass %, aluminum:0.30 
mass %, Cu:0.10 mass %, and remainder iron. This molten metal was passed on 
the copper roll of an example 1 through the same tundish as an example 1. The 
total mass of a molten metal is 15kg, and molten metal temperature at the time of 
casting initiation was made into 1450 degrees C. Roll peripheral velocity was 
carried out in 0.97m/second. 

[0042] The alloy solidified on the copper roll was crushed with the guide roll of an 
example 1 , and was saved to the stowage container of a core box installed in the 
bottom of it. A stowage container is 40cm in 31cm long, 21cm wide, and height in 
outside **, and was produced by the griddle with a thickness of 5mm. 
Furthermore, two partition diaphragms 24 with a thickness of 2cm were installed 
in the interior of a stowage container at equal intervals in the stowage container 
along the perpendicular direction like drawing 5 at the revolving shaft of a copper 
roll. This diaphragm is refractories which use an alumina as a principal 
component, and the thermal conductivity in 1000 degrees C is 0.2kcal/(mhdegree 
C) (0.23W/mand**). Moreover, the iron diaphragm 213 for cooling with a 
thickness of 3cm was installed in the middle of these diaphragms. The interior is 
a cavity, and this diaphragm opens much with a diameter of 1mm hole 213A in a 
both-sides side, slushes inert gas into the interior of a stowage container from 
these holes, and has structure which can cool the piece of an alloy. In addition, 
the piece of an alloy was cooled from just before casting initiation by the argon 
gas by which even Ushiro flows argon gas into a diaphragm out of the hole of a 
sink and a diaphragm side face by part for flow rate/of 101. for casting termination 
10 minutes. 

[0043] The temperature at the time of fall of the alloy for which it asked by the 
same approach as an example 1 was 690 degrees C. The time amount 



concerning cooling slowly after that and cooling the piece of an alloy to 600 
degrees C was 6 minutes. From casting termination 10-minute Ushiro, the flow 
rate of the argon gas passed to each diaphragm was increased to a part for 50I./, 
and the piece of an alloy was cooled by the argon gas which blows off from the 
hole of a diaphragm side face. The temperature of 2-hour Ushiro's piece of an 
alloy was 101 degrees C. Then, the alloy was taken out in atmospheric air and 
measurement of the average thickness by the micrometer and spacing of R rich 
phase using the cross-section photograph by the reflection electron image of 
SEM were measured. A measurement result is described in Table 1 . 
[0044] (Example 7) The raw material metal etc. was blended so that it might 
become the same presentation as an example 6, and it dissolved on the same 
conditions as an example 1 , and the molten metal was cast on the copper roll of 
an example 1. The alloy solidified on the copper roll was crushed with the guide 
roll of an example 1 , and was saved to the stowage container of a core box 
installed in the bottom of it. Into the container of an example 1, three partition 
diaphragms with a thickness of 2cm were installed at equal intervals in the 
stowage container along the perpendicular direction at the revolving shaft of a 
copper roll, and the stowage container made them structure like drawing 6 . The 
quality of the material of this diaphragm is the same as the case of an example 6. 
Even Ushiro passed argon gas by part for flow rate/of 101. toward the top for 
casting termination 1 0 minutes from just before casting initiation from under the 
stainless steel net producing of a stowage container pars basilaris ossis 
occipitalis. 

[0045] The temperature at the time of fall of the alloy for which it asked by the 
same approach as an example 1 was 690 degrees C. The time amount 
concerning cooling slowly after that and cooling the piece of an alloy to 600 
degrees C was 6 minutes. From casting termination 10-minute Ushiro, the gas 
passed toward the upper part from under the stainless steel net producing of the 
stowage container lower part was made into gaseous helium, and the sink alloy 
was cooled by part for flow rate/of 1001. The temperature of 30-minute Ushiro's 



piece of an alloy was 103 degrees C. Then, the alloy was taken out in 
atmospheric air and measurement of the average thickness by the micrometer 
and spacing of R rich phase using the cross-section photograph by the reflection 
electron image of SEM were measured. A measurement result is described in 
Table 1. 

[0046] (Example 1 of a comparison) The raw material metal etc. was blended so 
that it might become the same presentation as an example 1, and it dissolved on 
the same conditions as an example 1, and the molten metal was cast on the 
copper roll of an example 1 . The alloy solidified on the copper roll was crushed 
with the guide roll of an example 1 , and was saved to the stowage container of a 
core box installed in the bottom of it. A stowage container is 40cm in 31cm long, 
21cm wide, and height in outside **, and was produced by the griddle with a 
thickness of 5mm. However, in the stowage container, the network or the 
diaphragm for cooling like examples 1-7, and a partition diaphragm were not 
formed, cooling by inert gas etc. was not performed, and the cooling rate of the 
piece of an alloy in a stowage container was not controlled. 
[0047] The temperature at the time of fall of the alloy for which it asked by the 
same approach as an example 1 was 790 degrees C. The time amount 
concerning the subsequent cooling rate of the piece of an alloy being very slow, 
cooling slowly, and cooling to 600 degrees C was 1 hour. Furthermore, it is 8 
hours after casting termination that the cooling rate became slow and the 
temperature of the piece of an alloy became 200 degrees C to which oxidation 
does not progress in atmospheric air, so that the temperature of the piece of an 
alloy became low, and it started very much for a long time. Then, when the alloy 
was taken out in atmospheric air, the pieces of an alloy were welding firmly and 
measurement of the average thickness by the micrometer was impossible. About 
measurement of spacing of R rich phase using the cross-section photograph by 
the reflection electron image of SEM, it is possible, and a measurement result is 
described in Table 1. 
[0048] 



[Table 1] 





A 


^ I 


■% 








BrStBMI 




Nd 


Dy 


B 


Co 


Al 


Cu 


Fe 


m/fjJ 


mm 
mm 

°c 


°C 






mm 


R-'JvT 
<j m 




30.0 


0 


1.00 


2.0 


0.30 


0.10 


ft 91 


0.97 


1450 


780 




36 


0.332 


6.8 




30.0 


0 


1.00 


2.0 


0.30 


0.10 




057 


1450 


750 




22.5 


0.325 


3.4 


nmm 


30.0 


0 


1.00 


2.0 


0.30 


0.10 


aw 


0.97 


1450 


790 




27 


0.331 


7.5 


mmm 


30.0 


0 


1.00 


2.0 


0.30 


0.10 




057 


1450 


790 


(tK) 


32 


0.336 


7.0 


nmms 


30.0 


0 


1.00 


2.0 


0.30 


0.10 


Si SB 


0.97 


1450 


7B0 




36 


0.330 


6.8 




29.0 


3.5 


1.05 


1.0 


0.30 


0.10 




0.97 


1450 


690 




15 


0.328 


4.7 




29.0 


3.5 


1.05 


1.0 


0.30 


0.10 




0.97 


1450 


690 


7JU=f> 


15 


0.326 


4.6 




0 


1.00 


2.0 


0.30 


0.10 


-IS- 


0.97 


1450 


790 


fcL 


3 




19.2 



[0049] The piece of an alloy obtained in the magnetic manufacture (example 8) 
example 1 was ground in order of a hydrogen crack, inside grinding, and 
pulverizing. The conditions of the hydrogen absorption process which is a last 
process of a hydrogen crushing process were considered as maintenance with a 
hydrogen ambient atmosphere and one atmospheric pressure 100% for 1 hour. 
The temperature of the piece of an alloy at the time of hydrogen absorption 
reaction initiation was 25 degrees C. Moreover, the conditions of the 
dehydrogenation process which is a back process were held at 500 degrees C 
among 13Pa vacuum for 1 hour. For inside grinding, the powder which carried 
out the hydrogen crack was ground to 425 micrometers or less in 100% nitrogen- 
gas-atmosphere mind using BURAUMMIRU equipment. After doing 0.07 mass % 
addition of zinc stearate powder and mixing enough with a V type blender in 
100% nitrogen-gas-atmosphere mind to this powder, it pulverized to 3.2 
micrometers (FSSS) with jet mill equipment. The ambient atmosphere at the time 
of grinding was made into the inside of the nitrogen-gas-atmosphere mind which 
mixed 4000 ppm oxygen. Then, it mixed enough with the V type blender in 100% 
nitrogen-gas-atmosphere mind again. The oxygen density of the obtained 
powder was 2500 ppm. Moreover, from analysis of the carbon concentration of 
this powder, the zinc stearate powder currently mixed by powder was calculated 
as it is 0.05 mass %. 

[0050] Next, press forming of the obtained powder was carried out with the 
making machine in a horizontal magnetic field in 100% nitrogen-gas-atmosphere 



mind. Moulding pressure is 1 .2 t/cm2 and the field in the cavity of metal mold was 
set to 15kOe(s). The acquired Plastic solid is held at 500 degrees C among a 
1.3x10-3Pa vacuum for 1 hour, and subsequently, among a 1.3x10-3Pa vacuum 
and after holding at 800 degrees C for 2 hours and removing zinc stearate and 
hydrogen, it held for 2 hours and was made to sinter at 1060 degrees C among a 
1.3x10-3Pa vacuum. Sintered density is 7.52 g/cm3 and turned into a 
consistency of sufficient magnitude. Furthermore, this sintered compact was 
heat-treated at 540 degrees C among argon atmosphere for 1 hour. 
[0051] When the magnetic properties of this sintered compact were measured by 
the direct-current BH curve tracer, they were Br=13.9kG, iHc=10.6kOe, and (BH) 
max=45.4MGOe. The oxygen density of this sintered compact was 3100 ppm. 
Moreover, when mirror polishing of the cross section of this sintered compact 
was carried out and this field was observed with the polarization microscope, on 
the average, the magnitude of crystal grain was 15-20 micrometers, and was the 
magnitude of homogeneity mostly. 

[0052] (Example 2 of a comparison) The piece of an alloy obtained in the 
example 1 of a comparison was ground by the same approach as an example 8, 
and powder with a magnitude of 3.3 micrometers (FSSS) was obtained. The 
powdered oxygen density was 2600 ppm. This powder was used, it fabricated 
and sintered among the magnetic field by the same approach as an example 8, 
and the anisotropic magnet was produced. However, in the case of 1060-degree 
C sintering temperature, sintered density was 7.38 g/cm3 and was inadequate in 
sintering. For this reason, sintering temperature was raised to 1090 degrees C. 
[0053] When the magnetic properties of the obtained sintered compact were 
measured by the same direct-current BH curve tracer as an example 8, in the 
case of 1060-degree C sintering temperature, they were Br=13.5kG, iHc=9.8kOe, 
and (BH) max=42.8MGOe. Moreover, in the case of 1090-degree C sintering 
temperature, they were 13.8kG, iHc=7.4kOe, and (BH) max=35.2MGOe. In 
addition, magnetic oxygen densities were 3100 ppm and 3200 ppm, respectively. 
Moreover, when mirror polishing of the cross section of these sintered compacts 



was carried out and this field was observed with the polarization microscope, on 
the average, the magnitude of the crystal grain of a sintered compact with a 
sintering temperature of 1060 degrees C was 15-20 micrometers, and was the 
magnitude of homogeneity mostly. However, in the case of the sintered compact 
with a sintering temperature of 1090 degrees C, about a great portion of crystal 
grain, it was almost uniform, and was 20-25 micrometers in magnitude on the 
average, but the crystal grain which grew up to be some places to the magnitude 
of dozens - 100 micrometers of numbers was accepted. In order to investigate 
the cause which did not become the consistency of magnitude sufficient at the 
sintering temperature of 1060 degrees C, the cross section of pulverizing 
Ushiro's particle was observed by the reflection electron image of a scanning 
electron microscope. Consequently, in the case of the example 8, to many 
particles to which R rich phase is attached to the edge having been accepted, 
there were quite few such particles and, in the case of the example 2 of a 
comparison, the particle of only R rich phase was conspicuous. This showed the 
dispersibility of R rich phase having been bad and having not become the 
sintered compact of consistency sufficient at the same sintering temperature as 
an example 8 with the powder of the example 2 of a comparison, for this reason. 
[0054] 

[Effect of the Invention] Since according to the approach of this invention 
distribution of R rich phase of an alloy can be easily controlled for the piece of an 
alloy within a stowage container a cooling rate and by controlling the cooling rate 
for 800-600 degrees C especially and cooling in the temperature field not more 
than it can be performed quickly, the cooldown delay of the piece of an alloy after 
casting can be shortened, and it is very effective on operation. Moreover, a 
magnet property also has [ the magnet which sintered the impalpable powder of 
the piece of an alloy manufactured by the approach of this invention ] well good 
distribution of R rich phase. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram showing the dissolution of a rare-earth- 
elements content alloy and the casting approach. 

[Drawing 2] It is drawing showing the one approach of cooling the piece of an 
alloy cast and crushed in a stowage container. 

[Drawing 3] It is drawing showing other examples of the cooling approach same 
as the above. 

[Drawing 4] It is drawing showing the example of further others of the cooling 
approach same as the above. 

[Drawing 5] It is drawing showing the example of further others of the cooling 
approach same as the above. 

[Drawing 6] It is drawing showing the example of further others of the cooling 
approach same as the above. 
[Description of Notations] 

1 Dissolution Room 

2 Crucible 

3 Roll 

4 ** 

5 Tundish 



6 Guide Roll 

7 Piece of Alloy 

8 Stowage Container 
10 Casting Room 

21 1,212 Diaphragm for cooling 
212A Bleeder 
213 Diaphragm for Cooling 
213A Bleeder 

22 Inert Gas or Cooling Liquid 

23 Inert Gas 

233 Stainless Steel Net Producing 

24 Partition Diaphragm 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




Drawing 2] 

233 2 3 

/ (■ 



[Drawing 3] 



211 



22 



[Drawing 4] 



212 



1 



/ 

312 

J 



[Drawing 5] 

2 4 213 

^ i /-— 2iaA 

4Mi 



[Drawing 6] 



24 




[Translation done.] 



(19) B#!!#fFJf (JP) 



< 12 > & M ft St & (a) 



#1^2002 -266006 
(P2002- 266006 A) 
(43)&MB M4*p 9 £183(2002.9.18) 



(51) IntCl. 7 

8 2 2 F 9/04 
9/00 
9/08 

C 2 2 C 38/00 



3 0 3 
3 04 



F I 

3 2 2 F 

C 

c 

3 0 3D 
3 0 4 

SSSfsR # M&Q®£12 OL (£10 M) 



9/04 
9/00 
9/08 

C2 2C 38/00 



C 4 K 0 1. '/ 
5 E 0 4 0 
5 E 0 6 2 



(2D mi 
(22) urns 



#|g2001 -68258(P2001 -68258) 



¥^13^3^123(2001.3. 12) 



(71) ffllKA 000002004 

B8fl«l85C£|fc 
1tiWmB2*n 1 T g 13# 9 n 

(72) &m 
^s*^^tua^t^^i505#ss m%\m 

(74)-ftgA 100070378 



(54) mm<D%m *±*^^^r&^om»w^> ^MmRxPtn^^ttme 



(57) imm 

[ mm ] Hfen -/l^fc J: s ^±Wjtmm^co^ 



i 




(2) 002-266006 (P2002-266006A) 



^SJ L TH^«tiMEI§ -itfc MIL iSHMf £ mftfc 

mmm. 

sr^rr a^aifflft^ mfr^m&zmmxm ties 

i| i - 4 cowf^ 1 JStciaKtfO*±^7c3R**^<o 

irtin$% i - 5 vftifr i ii^iEtfe^#i^7cgi 

[ mem 7 ] ft±£7n*£* £ EH6n-/i, ± 
^tXf^ > I ft$M 1 — 6 <7)V ^TtL* 1 1 ilt; 

7G^&-&&£> R U v f-ffl^WlS' 3 - 1 5 m t 

■t&mmn 1 - 7 cou-f ^ 1 iitiBao#±pjc«# 

[ If *If 9 ] fflfr&&fr(?) 8 0 0-6 00 XMWb 

ffim&ff 10-300 °c/^x% & warn. 1 - s <r> v > 
[ tmm 1 0 ] ^±m7tm^^iktf . r - t - b $ 

^ (i^L R(iY£^tf#±^7£ffi (Y, La. C 
e N Pr, Nd, Sm, Eu, Gd, Tb, Dy, H 
o, Er, Tin, Yb, Lu ) COo t>0)'J?%:< thl 
8, TliFe^^hL-KCo, NiftfiL 
Xi>£^)Xfol If *il 1 - 9 eoi vfto 1 J|t;faigi7) 

[ wmm 1 1 ] m^m 1-10 w vf ^ 1 m^mm 

O^fc£9&£>*lfcJS3#0. l — O. 6mmt, R 



1 2 ] it *n 1 1 mrmxzjm. mis l 

[00 0 1] 
[0002] 

[»?)e»] 6ffiffl^# tUNd-Fe-B 

^m^^mmm^Mm^jm^imfLxts 0 . 

HD (^-Kfa?)ffl, MR I (KmftRl^ft^) 
fcL N d^-§P2: Pr,D y^ffi^#±ffi7C3lT« t 

Nd-Fe-BMMtft> R-T- 
[00 03 ] R — T— BSte&fcl, jS-ftf^fflt^-f S 

&x\ Wo. %<mx*fo &z\tfrt> -m^nmxiir^m 

X7°V?,$B%ti, i%MPX^}l 0 0 0—1 1 0 0°C<7) 

m^zxmm^ti. tvymmtzmtmm. mmmx. 

X'$) h o 

[0004] &&*<7)R U vf-ffltt. JilT^ 

1 ) m$M&<, WtiKM, 

2) fi^m^*<L, HK^-i-^'Jx-ya 

3 ) msmzmkth - 1 ^^ffi^^s^s . 
^m^mmz±^<mm^tii, &mzx 

X 36Hc»< =5r !> . R'Jv ^ffl«J¥§ v ^ 

[0005] ^mmmx^i, mmmn. <^mm& 

imi^fttiJ&b IX r-F e j&i£fj£ t J H"< ^ fc 
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X'fot . r-F e lift 9 1 OXJUlTTJi, a — F e 
JIM'S. ^OgfBUfca-Fefcj;, aPBI8il^»ffi» 

T£ i . * ^ -CGMizxfflkLt: A y d -y h cow, 
itii. m&xmmzhfz&^mk*>mi,z£ h «-f e 

[0 0 06] ;ftt£fS$iWv:#>. &SiBt#S;J: 0 

f^/S ( SCS) *^$tLSIS<7)lStTffiffl§ 

M&m&its> *> nth o . mmmz a*§t- r 
^f^wr'j 'vf-mtfmmizjffiLLx^ 

0, aMfttftifc^LTl^ (WP5-2 2 24 
8 8^fg, *fflB¥ 5-29549 0 ) . i tz. 
a-F e ^4LC<<t'otl^ s 
[0 0 0 7] St. ;OJ^&SCj££ffl^£l^&T' 
li, Lf , rtflS*??^ o Z bt^MXh 

h . £ » # £ R If >y £ mt t . ^ft 

tff o mtm&iz * ^xr u ^fffifrfewiiitstt 

[0008];oJ;5t, MCiF^Bi 
SRU -yf-ffl^ffi (BPS) SrSWtSfcrtKJi* Mai 
l^p^aiatKAfSST*) 0 , ftt R U -y ^ffl^SHttjS 

xcoMmmtmwxh^ wbpps- i 7 6 7 5 5^- 

&*8?(i, »fia#^»T^<, (R 2 T H Bffl) 
■y^OgP^'iMH^-SiT'O^ftli (800-600 

°c ) £■ 5 °c/f^ ji^aia^T^ai-r s z t 1 1 

V>tfB»§ilTV^ 0 #HfFf 1 0-3 6 9 4 

(4, 8 0 0 — 6 o or»¥±^lM8£ 1 . o°c/® 

WFiziRv yi-mcommzmf, 3-1 sjumt-ts 

[0 0 09] 

COR U ■y^fflc9#fij£ffl#f h^TMffi-h«C 



tt*WfM^^ fifSMt^b 0 , ftimm±MMlzW< 
s&sSH-f S 4 T-t0SmfI«&M»t-|> £ t «4T"# v\ 

mrsz m< ~th t . ^mcom^ t>m< % 0 a f e ^ 

^tcfz y £±¥n~)Vfr tMhtzmz^X , ^#ffl^ 

*nas^$ij»-ri> ^ 1 x 0 , ^#<?)ftMi, ^^r 
y -y ^fflfO^m'B^Mffli't s ^ t *■ mit -ft . 

[0010] 

mmmmhtztbco^m ^mn^mmm 

titf-Z>tzMz%$titzi>coX\ iaT^«fiS*»fe*S. 

( 1 ) ^±mjtm^^iM^xm^m^^zx 

comftlzx. ^3tefclII*Kn-/ktKaU ^fflLT 

t mmbtm±m7tmm^&m&mfflmm> 

(2) wam&tf. ftmzftaimwwmm^ ^ 

frco<$wwm$:fflmx^iLcoxfoi ( 1 ) tie««* 
( 4 ) T^my^mmmtzimtzmnu^ti 

ftWmii®*)m*t>fiLiliiHtZ> (3) (;IEil^#±ffi7c 

ikfrco&MmmzMmx^ hh^xhh ( 1 ) - ( 4 ) 

( 6 ) m^^co^mmmwimitzm. ^^zm& 
&&K*m.ft£*)jm l zi®L. ^m-tiTm^-tm 
*n ( 1 ) - ( 5 ) co^~ftiMztm<n^±mjm^ 
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( 7 ) #±i?7CfS^*^^£@fen-/ki:fciIU 

4 >7'mz'$)& ( i ) - ( 6 ) (D\^-ftifHztmcom± 

(8) mn^^y^mmmmmix^±M7m^ 
r u - y i-mcow^mm £3-15^1^ -rs 

( 1 ) - ( 7 ) W^7>fcfeffiO#±i?7^#*^ 

( 9 ) aa*^fr(7)8 00-60 o'cm^w&mmm 

&1 0-3 0 0°C/^T"^l> ( 1 ) - ( 8 ) WfiUp 

(10) #±ffi7C«#lT^*\ R-T-BjR£& (3$ 
R(iY£#tf#±^7UfS (Y, La, Ce, Pr, 

Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, T 
m, Yb, Lu) 0~)oioOyyt£<h^ 18, TtiFeJ 

s ( i > - ( 9 ) «o^-m*>t3iefs^#^7cs#*^ 

( 1 1 ) _hlB ( 1 ) - ( 1 0 ) W^ii^faf^j}£ 
tiOft&fUfcJPStfO. 1-0. 6mmt\ R'J'y^ 

ffl w^isub** 3 - 1 5 m x-fo *> im^&ftzfm i 

(12) _tlB (11) O-^m*^^, *BSLfc« 
[0011] 

%m.fr^±mmitzmMm*t,zxmm$tiwm 
vvm<mmm*mw%x'fo&, mm, *&mz 

MS 1 ft£Ma>;fifcttfiS2 ft£T , f8#m*fiS»: J: 0 

Tm&wmtw&ztii&h. tt->x{m$ti& . mz, 

4, 7yi5^Lt£3fl, n-;l/3_hT"}£ 

[0012] iS@^#(±, E3En-/H&*fc:Tn-;l/3 
a^ffifiS. }l@^^'n-/P3fc^o^v^*> 

6m^m^^m^hz\ t iz ± o , & & i 

[0013] ^^'n-;W;fSMLT*^n-;t'Srliix 

umm&x%iRv y^mii. ^zimm^rt 

X^^xW Mffii. z\com$Lfz^R7li. u-Mz 



tit, m&xnwutfm&tztb, m^^mm 
®$stemm$mimtmmmi oftiz&frti. mmix 

L5r^«ag£ mgiLTl vfc . i fc#|HFF 9 
-1 5 5 5 0 7^H3T1i«^#^£Ail/ilKttMff 

£ Kffi-rs wmm i . z z\ xmmtfxmzm^x& 
mix^tz. ifriz\ <vtifflz&&<mm<7)fflw$: sm 

k LtziiCDXmw 

[0014] *?&mxn. m-izmm^M&m. mz& 
m&ffm y v^mmm-^tmhizmm^mi^fi 
mr^x-t^o) cowim&zmmmfttzm . z 

Ri^t^i-rs - 1 h cox, mmmmmtzmm 
cox o {zmm%jmzwm^mmm.iz®Lxnm& 

t 6 . ^fXfr&fc J: Oft !> 8 

00-60 o°cr B i^aaso$ijw§^fc^i> 0 

ft&®miz%Wl%^i.ki>iz, 
fl:<oaa:5rvu 0 0-2 0 0'CSJKtf0^tIR l 9EfJ-fr'& 

[0015] JJE2jS*»j&t4fc«>, Wi(i'H2tS 
■f J: ofcJRift^T^^XryU'X»2 3 3 
^;*»t^'J yj&n^fflS&jfi&ttfx 2 3 =&SE-frS i 

L, ^^'xi^^t £ z\ k \z X nistftfrnwrnm: 

^t&z\k tpc% h . ifet^yt 800-600 °cr B i(7) 
i&mt xn , ft^co^f^ssi-c^ai-f ■& - 1 &x^ & . 

[0016] JilB^jTIi, ^^'A# <*«L, 
*lt^«r H 1 (cilt-X/'x ^MfflfSM (; i 5 ^ffl Xfo h cox 

m%&*% v^is. mmmm^^xft&mmzmm 
hhz\k\>hh* fohv^t, m-%sftxco<§Mco\i^% 

* t ^t<=Sr5. H3tSt-J;3tK 

^(4^s^)JBE*tffl^S ; fc ifiX'% h „ § (;^ffl*S 
fc LT(±S4 £?) i a K LTff 3 i k hX% h . H4 (i^ 
affl<Offc«J , 3K2 1 2 tOTiiOffl^P 2 12AK^I 

mtfzx o izmmmftxm.mt%m ix *> «t * ^ 
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wmnsWimz&Lxz z xnMrmt& zbhx% 

[0017] wmm^mm^-ti^i^ ®&±.mz 
l , mmmfr t> & l , sdM^vStt^xM^ o s 

mm^x%< x i>x<. fflkmettPFmtfxtmsiir 
t> * - ^ n - -t h nmz$k Lwmx ^ &*tfuf x 

z vw^z\±%x\mm^ -m*mfct>® o m 
tcKxh T)V3ym<7mmJim±% x o fi^fc#>® 

3«fllJfflt;aMP2 1 3A-HSf1\ %Z.frt>tfX&ffiH 

^^ZbhX'^l. 

[OO18]05,[a6{i:, ^«4^t«§:§§l*l£ 

mmmztii z 1 s . ftmr&fflmm o s 2 1 

3 3£>^Stt#X£^ft«Ift$tfTff ? . 

SMftPH&t-cffo z t ire* h . 

[0019] JJE<^i a=Sr2giPi<iW^iiSKtS»rtt 
0 R U •y*ffl<9#fi£iW1irc& 2. . ifc, H-OS 

[0020] ico^riStiOs sc&tTisero. 1- 

0. 6mmJ¥§o^#n-^Miit-|.fcn-;^^iltLJR 

tt^^t^^^ t § 0 o°mmiz 

m-^^mx^<%nmm^M<~fh z t xr u -y 
OfgPf^'J£< * 0 , ttmm* -htf s - t i 0 

mmmkiximi^-txo^scm^m^-f. m 
mzm^zzttf-ezi. *wm-Ji : mzx^R-T- 

a. Ce, Pr, Nd, Sm, Eu, Gd, Tb, D 
y, Ho, Er, Tin, Yb, Lu) CT> O < b 

him. T(±Fe OMfib LIU^C o, Ni^T'M 

$ tr i> x ^ ) *±«7G*£^r ^<r) r u «y ^Ha^ra 

£-3—1 5jlc mg^tMffll-r S £ t *«aj*S o R'Jvf 
ffl<?)OPi£ Z(/MM^Uz\i8 0 0 — 60 OXM^ 

M^mumi 10-300 °c/ft&m i . fs- 1 1 < a 1 



0-2 0 0°C/^\ 5 6tjffiL<lil 0-5 0°C/^ 
[00 2 1 ] i ;tR U 'y-^ffltorHlPKi:, ^^ifS 

it ( sem ) comm^z x h wmxs^ t,tL& a r 

U •y^ffl«±fflfc 5rS R 2 F e 14 Bffi J; 0 t¥%JK^# 

^fcft. ^m^fltliiffl i 0 0J!l> < US 
§tL^ 0 ^LTRU-y^ffl^Pitt. W§*^ORHtl 

/jMo R U >/ -f ffl^itT»^^§ ^fiJI> . 

5 ffiiFtt 0 ?M Lit. b S ^ f« Sr totR'J >y ^ffioral 

[0022] r u -vi-mcommii. ^wmnmz x o 

3-1 5//m s JfiL<ii3-l 2/xm, S&tjJiL 
<(i4-l Ojumttl,;}:^!.. RU vf-ffl«0|BI 
PB// R U >y ^-fflco^^fll^ < 

6 D . 3 - 5 ju mCWLt t 

# r u -y ^ffl^^-rss^fi^^sij^w-rs . % 
-yxmmmm^R') ■v^mmmmhmtLx. m. 

[0023] mz±.B<v-&ikfrzfm, mm, 

Z b iz X 0 . ; t 

[0024] mmz. mm. 

^UlTlT^^il. -^(C(i 3- 5 ^ m ( F S S S ) g 

[00 2 5 ] frX|S<7)7KS0SliX 

(4. 2. 7X1 0 4 Pa— 4. 9X 1 0 6 Pat0j±^jO7K 
S^#HMT\ ±t^fr«R'J «yf-fflt*«*l8aK 

ffl*«ftSfP5i-t-6 - t £f ijffl LT , ^gft^BIt 

mhzbt fdmmmm^miL @ t § . 

HfJ^^O^. (5 ^ fc"OR U -y ^ffltfp^ XW Iti 
B&£.lZ-t&Zbij s TZ&. mz . Mm^M\,z\t 

r u -y f-ffl tmi± l x a o , ** * ®^ § h z 1 1 i 

i> o ; 07K*©jt(4^a- 600 °cmm^mmx 
mm$tiii)\ Rv^^ffi(?Mmwm$:±%<Lxmm 

fi<HSfcftt(i, ?Sffl— loo "C^JK^ofEH'C^SS'f" 

s ; b iffi t l ^ . %■£ l v ^JiB#r B ia i mrm±xh 
z^immmxmzx ^^LfzR-im\m\i.± 
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^Xl&T^mXfo OSKfcSflgVtftf), 2 0 0-60 
OmRT-1 3 0 P aiilTOSS^t'K^l.llfcKSM 
a^ff^ -5 Z L^o ^ to^fflt J: 0 , 3M*X 

[0026] tfs^fcti. ^fr£7;i^y#.x^ss; 

#X£h'WStt#X#Hm^T\ M^if 5 0 OjumJJl 

{jv ^ ^ y s ^r^s^fe s . *%m<7)7\<.mm itz 

-f&Zk$>X%&, 
[0 0 2 7]8H»Wf:li, 3-5/xm (FSSS) gjg 

T;Pa"y^'x^as^^ ; 5rh"t0^Stt^^llfflMfc-r 
S . Z ti to cOT^mtfzWz 2 n W h . 4?i L < ti 

^Mp^[*Lht& fc t i t, ^#f^o^*<7)S*?I 

£#1 0 0 0-1 OOOOpprnt^^ifig-ft'lt^'ltlJi 
t£ 0 M*S^MlftMJ^WSiJtl>^iT^ 

S 0 

[0028] mMmm^x-'fthtihtK wosssmx. 
mzk&mfosti: commzi&m i . * to* 

t L^mmt o . oi-i w/ox-fo h . mmmm 

*?wkiitt}z<n^m$*wm^x*vw7vvy- 
mm^x+MzM-&-r&c\ki)mt lw 

[0 0 29] »RlfJtefi*ll Kfi^ffMT'Ty 

ff^J±*(±0. 5-2t/cm ! i%JLl\ ElffM^ 
-V b"x 4 ftcomftli 5~20kOei«jfiU\ * , 
jjSc^ff#0|?HM!iT^3'y^X^a«^X^i:^WI4 

[0 0 30] UlSii, 1 0 0 0 — 1 1 0 O^CCffSrisft. 

5 . mMtm^zmmt^mmmb7m\i'^.i,zw^ 
ix}5<<mm&. mM<vmL^m&mt* & 

BfoZ 1 . 3 P aWF<7)m^tp£td&T)l3>m]±7V 
-Sffl^ . 3 0 0 - 5 0 0 °CX 3 0 #Jil±»f h Z\ 
kXhh. £fz. **<Z)*Ji U^(fc£*fHi. 1. 3P 
a&TOK^tK 7 0 0-9 0 0°CT"3 0^Lhffif#t 

i> ; t t-feii „ MiSB§o»H^ar;Pd'y^#gimt 
fcti i . 3 p aiHT^M^mmmm t immm 



[0031] mm. m£>]fa±.e>iz£>. smzmtx 

5 0 0 — 6 5 0 °CXmmt& Z k ftX^ & . if £ L V * 

*J£ l^SS^ifi 3 o Wltxfoh . 

[0032] 

[USB*] KT\ llfftMWJL^^fflfl (R'J-yf- 
ffl) eoMfflli^a^^. 

(»feWl ) £&fflj&&*. Nd : 3 0. 0W*%. B : 
1. 0 0©*%, Co : 2. OWM.%, Al : 0. 3 0 
Cu : 0. 1 0iCM%. SgP^t^Siofc, 

y^xmj±#gim45T\ mmmmw mm) xmm 
l. mmzmmmo. 9im/^xm%,Lx^hmiA 

0 cmcrmv-lVALlzjtyf 4 yyi^LtSLto 

^co^wMii i5k sxh 1 ), mmmimmmm 

[00 33 ] j@n-^±-C«HLfc-&A{i, ffln-^ 
ifiMi, ^T"S3 lcra > |2 1cm,^40cmt 

<. JDart§S<?)J£^{iJ£«R*^ l cmi0B§«;a 

tl5mmC0Xryy-XSOfflSra§, ^L^^Sr 

1 o^^T-^coxryy^Mffl^T^^igptrS]*^ 

TT;l/r?-y^'X^^fi3 0 U -y h;^/^TiILi^(t^o 
[0034] ^#<7)^TB§^?S««. WMmftfttzftbb 

fzik&frfy&si k mm txhh^t. mm^mm 
iz>bz%K*wt. z^Kij^mm%sftmzm% m-r 
± o izWLWifzmnttxim-ti z k xt^tz . ; 

SfS^-^fr^T^iaJSti 7 8 0 °CT"fe -3 . 
^l4f«»-5< V&MLXUZ^ 6 0 0°C^T"^ 

arts JDt^fcuiiii 5 o 3t o «iit i o 
*fi. xryy^Sffl^T^^±gpt^*^TStr^ 
=fy^«os»£ l o o u -/ h^/^t T-m^L^A^ 

Ltz . 2 B#P B im<7)^-#n-<7)fflS{i 9 8 °CT"^ o 
^-t iST^W^^ilSfc . SEM«lft(:Ji 

[0035] ( sisfeM 2 ) nmm 1 1 

JggU^tilMl 0 0 U -y h)l/ftX^Lm.tttz, i$ y m 
comTmcOiSMte 7 5 0 x:xh 0 , 6 0 0 °C 4 f^fflt 
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i h , *S3t3TO> 3 0 MCt^M^SKi 9 6 °C 

fro tz . agnail i 
[0036] ( hmm 3 ) mmm 1 1 

i 3 fcjeF4&M^£ffi£U SttH 1 1 |5l#<7>*fKi§ 

m t . mmm 1 t isja^fflMn-^tiSit t 

fc. ffin-^7T«Lft:i^fe«, USS^lfcRSO^ 

\,zm>tz. mmmi. ?wti3 1 c m, ® 2 1 c 

m, I24 0cmt"fel 5 mmCiltfi L 
fc. SttH30*P<, «tt^l«lJf$7cm^ 
Sf±fiM2 1 1 ffln-;^0K$iicS[I*[ti]^ 
oT^IS-C2«clftlKLfc. SrtS, ^f^ftfl)9I 

ytfxSrfTiAl 0 0 U -y h^/iJ-caLRJ-W:. 
[0 0 37] i»J 1 t ^«07f&T^ft:llr£0?£T 
«r?)&8(27 9 Ott&^ft. -££fr(iWJ^o < D 
JftSlfO^, 6 0 CCaT^ffl-f 

I^ISIft^-^fr^fflKfi 1 o 6°c^-r-T^-o/L% 

S ¥±W$ i; , S EM <7)Klfirp«K J: § BfBS¥ 

iiH 1 tiE-f . 

[00 38] ( HffiM4 ) HiSM 1 fc ^S^fflfig^^^ 

Afrli J E-tfOS»9>-5< ^SILTV^, 6 0 0*C£"C?&SI 

ts^cM^t B§r H K± 6 ftx-h o ft o «3t«7a , 

1 2 B^&tfO-^&^i&gli 9 8 iCitWo 
ft:» -^OiL ^T^M^fcEDftU v-f?n;>t- 
?~1/Z£Z> 7%J¥ § ^ilS t . S E MOKWmTHit i 
& BW?*£fflV ^ R U -y f- ffltorBlHOilS^tf ft: . 

[0039] ( sffiM 5 ) syfeffl i fc mm^mmz^h 
j o \zmmiMm*w&L. mmm 1 1 

-;L-±T"iS@Lft:^#(±. SffiMl^M h*n-;KCl£ 

#u zmzmwLtzmmcommmizfffrtz, mm 

§SNi, 547T"ffi 31cm. 2 1cm. S§ 4 0 c m 



y#X£MMP2 1 2 As£p£>S*3 0 U -y h/tv^Tit 

[0040] mmm 1 1 p&^&^ftfc^oprr 

B§<7)?aS{i7 8 0°CT"fe-?ft: o £-#^ti^fM>-o < 0 
f^ffl LT ^ § . 6 0 0 °C S T"^il3-ri> <?> izfrfr-o fz^m 

i±5ftx'fo^tz, mmm owtk. 
stactr^^^^^Bg** i o o u -y 

S£*l 0 0 'J -y h^/^T;Pn'>^'X^JILf!itft:o 

Mjt$*7*^ ^ 2 mwk<^My<nmmt 9 4 °ct'S> 

tz» *<m. ^-^^^m^tlRDttiL. v^^n^- 

^-t is^ws^sjsfc - s EMcomm'fimz «t 
as Lfc t ; 6140pp«t* d , mmm 1 

[004 1] (MMM 6 ) ^ffl^\ N d : 2 9 . 0 
D y : 3 . 5«*%. B : 1 . 0 5«*%, C 

0 : 1 . 0fi%, A 1 : 0. 3 0HM%, Cu : 0. 

1 0M*%. ^^t^l>j:3t;. AttM-i^A. # 

^A, li. i^&ie^-L. T./kS^TO&ffifflLT, 7/L- 
a>^xmJ±»HM4iT'\ ^jg^^M^TiWII L tz . 

HMWlOffln-;k7t^L^ 0 ^«^*{±1 
5 k gtfe D , iUa^i&^?§^iaS(i 1 4 5 0°Cfc L 

[0042] mn -}u±xmmL fz^n, mmm 1 ^ 

StJffWfc. JDCtt®ffi(i. ^7T«3 lcm,i21c 
m. S§ 4 0 c mtfc 0. I^]J¥5 mm£?)iSt^IL 
fc. $ttH5<0Sn<, iRIft^^tif § 2 c mOK 

Bft« o « 2 4 ^ . mu-ivvmmuzmjs^zf^ 
x . mmmmmmx 2 mm itz „ ; ^tw 0 « 

(i. 7;PS^^±jS^t-fl»fttMI}T"^ , 9, 1 00 0°C 
f<7)i^ES*(iO. 2kcal/(mh°C) (0. 2 3 
W/m -°C)Xfoh. ttz, l\ilt> Oy\±m 0 mcotpm 
^ Jp§ 3 c m<7)^S^aifflftW0K2 1 3 SrtSfcL 

«II@lmm^y J v2 1 3A£mmtf. Z\ilt><n?&b 
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x%hmmz^x^h, mmmimmt^mm 
my 1 o u v 
x\±m o ««i l , ftw o mi»?v^ tisai-r s r/t- 

[0043] mm 1 i: H««^T£ftfc-&£tf>ST 

^SILTV^, 6 0 0r£T'#SJ^6^t£^£B#f§i 
(2 6 -> tz . #§}i**7 1 0 6 , ZilWKtfk 
mmzM-tT)Vd>%X0)%m£ 5 0 U v YH/Wz 

Lfc . 2 ff#r B 1fI«^^^)fiJSi± lore 
J: £ , s E MffM%my\% 

[0044] ( HfflSM 7 ) USSM 6 i: |i[^ffl^t^:S 

#u ^TtiMu^ts^TO^tBiwc, to 

HJfcM 1 <9®8l*Jfc, i¥§ 2 c m^KHttW 0 

i*i^iai«f 3 fetsa i.me^xd %mmz itz . i 

y uxWMcoTfr fate ■? x T)Vd ytfx £ it* l 

[0045] nsfi^j 1 1 nmmmx^tz^±my 

&SJL"0^, 6 0 0°C^T"^ffltSO^*-o^ 
ti 6 #T2P!> . Mjh**T 1 0 4M&&» t , TOMs 



U^A^tUTSHI 100'Jy 

Lfc . 3 0 ftmco-£-&PrcD'&mii 1 0 3 °CX% o 

-ti £«¥§«£fc . s E MogtlMW; i £ 

BfH¥«^ fflv ^ r >j >/ i-m^mm^n&zft-otz . a 

[0046] ( JtKffl 1 ) ggffiffl 1 ffi^ilt^^ 

i 3 nzm&mzmiti. mmm 1 1 ^«t^frti§ 

^Sti. 9\^Xm3 lcm., If 2 1 cm, ift$4 0 cm 
0 . 1*1 W 5 mmt0$«#S Lfc . fl L . TO^ 
flfcfi^ftffl 1 - 7 CD i a =5rffl^afflftflJ OS. KH 

[0047] mmm 1 1 ^so^sT-*^/i^^f?T 

fg(it^r:g< . ^ <^iLTV>5. 6 0 O'CtX 

ftm-zmzfr^tzmut i mmxh^tz, § tt, 
tz. w<k. ^&£±mizm&ifztz\5. 

^fflS(i^I^T-fc -o . S E M^SftHK^t: 
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[0049] mficomm 

(mms) mmmixmwz^^mmv?. # 
mmmmzfmitz 

i±ximmimtiK 
^mi2 5x:xh-)t 

SfefWi, 13PaI 



1 0 0%*SHffl^. 



5 oo°cximmimLfz„ 

1 0 0%S3l»HM^T"4 2 5^miilT^T»L 



Xf7yyIIiX*^0. 0 7^* 

%mauu i oo%a*#HM4^r"VM7'Vyr-T"+ 

*^L^f*. j^'x »/ h $!l-mmX3 . 2/im(FSS 
S ) tXMMLtz, fMmcomWMi. 4 0 0 0 p p 

m<7>mm£i&£Ltzm.mmmntpkifz, n 

m. l oo%S*#HM^T"VM7'Vy^-r+#ii-£ 

Lfc. 2 5 0 0 p p mt*-5 

tLT^sx^r y ySiSitiWi o . o s^mxxhh 
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[ o o 5 o ] mz, &e>ti*:m& i o o%mmmm% 
^Tmw^mmvru^m&Lti. mmn. 2 

t/cm' T*J6 0 , ilcO^ft b'r 4 ftOflim 1 5 k O 
efcLfc. #£>*LfcJicJgflc£, 1. 3xiO- 3 PaM 
^ 5 0 0°CT" 1 B5ISffi8U 1 . 3 x 1 O- 3 P 

aE^tK 8 0 OTIT'^B^f&ftU XfT 1 ) >1SWp 

Rwmzm^ttzm. 1 . 3 x 1 0- 3 p a *s^. 1 

0 6 0 °CT" 2 H#igffi8 LT£B£$-£fc o MISSSii 7 . 
5 2g/cm3T"^0+^^#§^St*'5^ o § 

zeotmik£TJl>3ymB^ft. 5 4 0trciBS 
ISBB&JiLfc. 

[0 0 5 1 ] E^BH^-r bV--^-"C;<0ffitSfl«0 
EB^F 14£«!l5£Lfc £6, B r = 1 3 . 9 k G, i H 
c = 10. 6kOe, (BH) max = 4 5. 4MGO 

e ~otz 0 z com%£ikcommmmz 3 1 0 0 p p mt 
m^mumxmmitz bzb, mm.<?yx* s a^m 

T'l 5^20jurnX% l O, {5i3T%-^S5T*ofc. 
[0 0 52] ( Jtieffl 2 ) JtKffl 1 T1# tflfc^Afr 

, n^M8 1 mm^mx-fmix , 3 . 3 ^ m ( f 

s s s ) § cD^*£f#£, fft*coi?S?l£ii 2 6 

OOppmT&ofc. i<0»**ffioT, HStM8i:|§| 

fiu mm&mi 0 6 0°c^^ «as**(47. 

ft, flH6i&K£ 1 0 9 0°Cif±ff?to 

[0053] #^tt!tMte#:^ism#tt^MtM8 b m 

tWMB H#-7" h U-tf-T«5£Lfc t ^ MISS 
ftl 0 6 QXMtffeii* Br = 13. 5k G, iHc = 
9. 8kOe, (BH)max = 42. 8MGOetft 
ofc. AHijlAl 0 9 0°CO*|^(i, 13.8k 

G s iHc = 7. 4kOe, (BH)max = 35. 2 

3 100ppnu 3200ppmtS>o)t. ,Iil 

l £ b z h . fmm. 1060 r <7>«as*^)tsfie 

StiWC 15-2 0// mtl, 0 , (IK%-<9*; 
^2T^->t, f: .1 ^ A\ MISSK 1 0 9 0 "CcO^Sfr 

s//m«^§i t« Ltz^nmm t>ivtz . 



fc<z>fcif L . JtKfiaj 2 ffym^. zcd£ o 0 
Jt^M2 0^*T1i:RU'y^ffl^W^S<. Z. 

(ntztb. mtm\& b m immsxn+^mm^m^ 

mzt£^£ii^tzc\bii^ii^tz. 
[00 54] 
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[04] R±«0^ttT^5ttffi<OW*3irtH^* 
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